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Microorganisms and Soil
Structure'
T. M. MCCALLA AND F. A. HASKINS2, 3
INTRODUCTION
A desirable soil structure is important in allowing water to penetratethr
soil and in allowing an exchange of gases, such as oxygen and carbon dioxid~,
between the soil and the atmosphere. Plants need a soil sufficiently granuJ:ll\ 'ttl
allow root penetration and adequate soil aeration. Many beneficial micr(HJ'f'
ganisms, such as the nitrifying micro-organisms, attain maximum activity only
under aerobic conditions, and such conditions cannot be maintained in the:fu.
sence of a favorable structure, Furthermore, the structure of a soil is highly
portant in determining the resistance of the soil to erosion by wind or wa1iG!i,
From an agronomic standpoint, it is difficult to overemphasize the importanct
of soil structure,
In order to evaluate the role of micro-organisms in influencing soilstmrr·
ture, some understanding is necessary of the ways in which structure is dev~l·
oped and maintained in the soil, Generally, we think of structure as involviqg
(a) formation of soil aggregates, either by combination of primary partides.df
sand, silt, clay, and organic matter into characteristic units, or by subdivisiol)J)f
relatively large units of the soil mass; and (b). stabilization of the aggregates.
Both aspects of structure reflect the complex interaction of various physical.
chemical, and biological forces. A further brief discussion of the two aspects feh
lows.
Formation of Aggregates. Flocculation and sedimentation of soil pa.J::ddes
in an aqueous suspension, as a result ofa change in charge of the particles,~l!l1!
account for the bringing together of primary particles of colloidal size (less tb1l1!'
two microns), However, flocculation and sedimentation are of limited iroyorf'
ance in aggregation under natural conditions in the soil. Drying of a wet..soil
tends to bring primary particles together, since the attractive charges are brol1ght
closer together when the water films between the particles are reduced. Oft ~.~
other hand, drying of the soil may result in the development of unequal stresses
which may break the soil into particles, Other physica 1 such as ,
and thawing, also may cause fragmentation of the soil mass into smaller unItS,
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fill. I-Mycelia from fungi growing in this soil have bound the individual soil particles together.
~ote large clump at lower left. Magnified 12X (9,10).
~illage may break up the soil mass into various units such as clods, fragments,
trumbs and granules. Plant roots certainly tend to push primary particles closer
together to form aggregates or structural units in the soil, as do the mycelia of
G$rtain fungi (figure 1). Earthworms, crayfish, ants, and many insects form ag-
gregates and, in many cases, may stabilize them. Certain bacteria, through the
BJoduction of gums, may have similar effects. Burrowing animals, such as moles,
~$parate the soil mass into units. Thus in nature there are numerous ways in
00h ich lumps, granules, clods and other aggregates are formed from the soil
mass into the many-sized units that are found in the soil.
Stabilization of Aggregates. Once the soil units are formed there are
numerous ways in which rhey may be stabilized. Inorganic cementing materials,
as iron, may give extreme stability such as occurs in the Latosols. Also col-
materials, such as clays and organic matter, through their chemical and
,t,'-/0".<11 effects stabilize the soil units.
Micro-organisms, during the decomposition of plant and animal remains,
numerous organic compounds and release inorganic substances that af-
stability of the soil units (4, 7, 10, 13, 14). Some of rhe compounds pro-
ced and released exert a tremendous effect on stability. Other compounds have
Ie or no effect. Some of the natural products produced by micro-organisms
more effective per unit weight than are the synthetic stabilizers that have
n produced (1). In addition to the foregoing microbial effects, the physical
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influence of certain fungal mycelia in holding together the soil units
mentioned (figurel). Micro-organisms vary greatly in their ability to sta
the soil (2, 3, 6, 12).
The soil fauna is also important in influencing soil stability. For exa
the earthworm secretes slimes that render the cast several times more st
than the original soil. Under some mulching treatments, as much as 40 ton
acre of earthworm casts were produced and deposited on the surface of th~
(10).
Thus there are many factors involved in forming soil structure units at!
stabilizing them. The kind of soil structure will depend upon type of soil
all aspects of its chemical, physical, and biological makeup.
The purpose of this paper is to discuss the role of micro-organisms.i
termining soil structure and to consider ways in which soil micro-organi
may be used to improve soil structure stability.
GENERAL CONSIDERATIONS
Kinds of Organisms in the Soil
In order to understand the role of soil micro-organisms in determining soil
structure, let us first look at the number and kinds of soil micro-organisms and
their activity in the soil.
There are many kinds and quantities of organisms in the surface foot of
soil, as shown in table 1. Each kind of organism plays some significant role in
TABLE I-AVERAGE POPULATIONS AND WEIGHT CONT~IBUTIONS OF
VARIOUS KINDS OF MICROORGANISMS IN THE SOIL (10, 11).
Average Number Average Weight in Pounds
Kind per Gram of Soil per Acre-Foot of Soil __
Bacteria
Actinomycetes
Fungi
Protozoa
Yeasts
Algae
Worms and Insects
500,000,000
10,000,000
500,000
500,000
500
75,000
600 - 1200
900 - 1200
1400 - 1800
100 - 500
150 - 350
900 - 1200
the decomposition of plant and animal residues, liberation of plant nutrients. Or
in the development of soil structure. Many groups are dependent on each.other:
Thus, one kind may tend to follow another, both resulting from and
an organized secjuence of reactions in the soil. In the organisms vary
Iorms invisible with the ordinary microscope bur with the electron micro-
scope, to those that can be seen with the naked eye. In shape vary fro111
tiny spheres to weird twisted forms. The organisms have the capacity to dige,st
the materials in the soil because they produce enzymes which form a gigantiC.
complex enzymatic system that extends throughout the soil. There are few
RESEARCH BULLETIN 765 35
things in the soil-even such resistant materials as hair and horn-that escape
digestion.
Percolation
Influence of Sucrose. When micro-organisms are grown in the soil, they
typically decompose organic substances and.produce various byproducts, such as
polyuronides, waxes, and gums, which may affect the stability of the soil gran-
ules. This effect, in turn, may influence the movement of water through the
soil (5, 8). It is conceivable that when organic substances decompose in the soil,
the decomposition products and microbial tissue might plug up the soil pores
so that water penetration would be reduced. Rapid penetration could possibly be
obtained by stirring this mass of soil, micro-organisms, and decomposition pro-
ducts into a lumpy mixture. Particularly rapid percolation might be expected if
good stability of the soil units had been achieved.
To test these points, sucrose was added to air-dry Peorian loess (5) at a
concentration of 4 percent of the weight of the soil, and ammonium nitrate was
added at a concentration of 100 p.p.m., which approximates a field application
of 200 pounds per acre. The mixture, contained in shallow pans, was inoculated
with a pinch of surface soil, and moisture content was brought up to 26 per-
cent. After 5 days of incubation at room temperature of about 28° C, the rna-
terial was stirred and then packed into percolators, after which rates of percola-
tion were measured. In another treatment, air-dry Peorian loess inoculated with
a pinch of surface soil was packed directly into the percolators. Sucrose and am-
monium nitrate, at the concentrations previously given, were added in suf-
ficient water to wet the layer of Peorian loess. Percolation tests were made after
an incubation period of 5 days. Results (table 2) indicate that when sucrose was
mixed with the soil, incubated, and the soil stirred prior to testing, the total
percolation for an 8-hour period was 69.30 inches. This value represents an in-
crease of 66.13 inches over the control value. If the mixture was incubated in
the percolator without stirring, on the other hand, the total percolation for the
8-hour period was reduced by 2.10 inches. Thus the data support the suggestions
made in the preceding paragraph. It seems probable that soil plugging of the
SOrt observed if} this experiment may be responsible for some of the problems
encountered in attempts to replenish underground water supplies applying
".lIer to the of the soil.
Another effect of micro-organisms and their decomposition products may
be the coating of soil particles so that the surface will not wee The result may
an increase in runoff
10111.1('1:0: of Cotton Gin 'iYlaste and Three rrc.u mcnrs. each in
iT:j,!icate \vi,ll Hesperia sandy loam soil were used in large percolators (8). One
of percolators was left untreated and Hooded with distilled water. Another
set was mulched with a 2-inch layer of cotton gin waste and flooded with dis-
tlUed water. A third set was Hooded with distilled water containing 10 p.p.m. of
TABLE 2-INFLUENCE OF SUCROSE DECOMPOSITION ON THE PERCOLATION RATE OF DISTURBED AND
UNDISTURBED SAMPLES OF PEORIAN LOESS (5).
Treatment
of Percolate - Inches per Hour Total
Peorian for 8
Loess 1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs, 6 hrs. 7 hrs. 8 hrs. Hours
None 0.00 0.46 0.46 0.58 0.58 0.37 0.36 0.36 3.17
4% sucrose
(undisturbed) 0.04 0.14 0.14 0.14 0.12 0.15 0.16 0.18 1.07
4% sucrose .
(disturbed) 18.37 12.68 5.36 4.26 10.18 9.26 6.41 2.78 69.30
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HgClz. The water was maintained at a constant head and allowed to percolate
continuously for a 50-day period. The mean hourly rate for each day was calcu-
lated. Certain of the data are shown in table 3.
TABLE 3-INFLUENCE OF MERCURIC CHLORIDE AND COTTON GIN WASTE
ON THE CONTINUOUS PERCOLATION OF WATER THROUGH A LAYER
OF HESPERIA SANDY LOAM IN THE LABORATORY (8).
Time
in
Days
1
2
4
6
8
10
12
14
16
18
20
25
30
40
50
No. Cotton Gin 10 ppm of HgCl 2
Treatment Waste Mulch in Water
(ml of percolate per hour on day shown)
467 411 446
489 295 556
380 193 485
336 128 525
320 81 480
305 60 470
283 51 458
251 44 457
231 36 448
191 30 444
163 28 438
114 26 418
84 21 427
43 15 382
23 13 352
The percolation rate of the untreated soil was gradually reduced from an
initial value of 467 ml. per hour to 23 ml. after 50 days of incubation under
submergence. When the soil was mulched with a 2-inch layer of cotton gin
waste, the percolation rate on the first day was 411 ml. per hour, and the rate
dropped to 13 ml. per hour at the end of 50 days. Reduction in percolation rate
was more rapid in the gin waste-treated soil than in the untreated sail. Thus, by
the 10th day the percolation rate with cotton gin waste had dropped to 60 ml.
per hour, while the rate for the untreated soil was 305 ml. per hour. As in the
case of the sucrose experiments, the evidence indicates plugging of the soil pores
~s a result of the decomposition of organic matter.
Mercuric chloride, added to the water at the rate of 10 p.p.m., maintained a
high intake. However, since HgClz is both a disinfectant and an electrolyte, it is
difficult to determine which effect is predominant. Quite possibly both effects
arc important.
AGGREGAnON
Aggregating Effect of Different Cultures. Thirty-three fungi and one
actinomycete, isolated at random from plates made from field soil, were inocu-
lated into sterile Peorian loess with straw or sucrose as energy material (12). The
soil material was brought up to 25 percent moisture and incubated for 2 weeks
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at 24° C. Aggregation was then determined by a wet-sieving method (2).
results are shown in table 4.
TABLE 4-VARIATION IN AGGREGATION OF PEORIAN LOESS BROUGHT ABOUT
BY 34 SOIL ISOLATES WITH STRAW AND SUCROSE AS ENERGY MATERIALS
IN 1% CONCENTRATIONS (12).
Energy Material
(1% Concentration)
Straw
Sucrose
Aggregation Range.!.!
%
10 or less
11-20
21-30
31-40
41-50
30 or less
31-45
46-60
61-75
76-90
Number of
Cultures
19
8
4
1
2
2
3
7
18
4
.!/ Based on weight of material retained on a 0.2 mm screen after wet-sieving
for 5 minutes. Value for uninoculated control =4%.
These results show that sucrose is a better source of energy for these
domly isolated micro-organisms than is straw. The degree of aggregation was
high with sucrose. Only 3 cultures produced aggregation greater than 30 pet~
cent with straw as a source of energy material. These results also show that soil
micro-organisms do vary greatly in their aggregating ability. If it were possiblt;C
to have all the crop residue decomposed by only the few micro-organisms
superior aggregating ability, soil structure might be changed greatly. The
lem then appears to be that of utilizing only the superior soil structure
ing micro-organisms for decomposing the available; crop residues.
Selecting and Testing Superior Micro-organisms. In a search for aneW:,
superior soil structure stabilizing micro-organism, 12 cellulose-decompojj
fungi were compared with respect to their ability to promote the aggreg
of sterile Peorian loess with ground wheat straw (1 percent concentration) a
source of energy material (2). Following inoculation, Petri plates (in duplicate)
were incubated at 24° C for 14 and 28 days with moisture levels at 15. 25 ana.
30 percent. Results of the 14-day incubation are shown in table 5.
It is clear from the results that Stachybotrys atra is the most effective ag-
gregator of the 12 fungi tested. The aggregation brought about by S. atra ranged
from approximately 2 to 30 times that effected by the other soil fungi. The. ap'
pearance of Peorian loess before inoculaion and after inoculation with S.
and incubation for two weeks, is shown in figures 2 and 3.
. Factors Influencing the Aggregation of Peorian Loess by Stachybotrys
atra. Further studies with S. atra were designed to furnish information on the
environmental conditions under which this organism is most effective in
gregating Peorian loess (2). Except as noted, the following conditions were
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Fig. 2-The appearance of Peorian loess with ground wheat straw all percent concentration (2).
L.e!l: Uninoculated, at beginning of experiment. Right: Inoculated with stachybotrys atra and lncu-
baled for 2 weeks at 24 0 C.
Fig. 3-A portion of the inoculated plate shown in figure 2 magnified 5X. Note the mycelial
growth 0.1 Ihe particles of straw and Peorian loess (2).
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TABLE 5-AGGREGATION OF PEORIAN LOESS WITH FUNGAL CULTURES
INCUBATED FOR 14 DAYS, USING WHEAT STRAW IN 1%
CONCENTRATION FOR ENERGY MATERIAL (2).
Percent Moisture
Organism 15 25 30
Percent Aggregation (Average)Y
None 2.6 2.2 2.1
Monascus purpureus 3.1 2.3 2.2
Aspergillus terreus 3.0 3.5 3.3
Aspergillus flav.ipes 4.5 3.9 3.4
Aspergillus fumigatus 4.1 6.1 2.8
Thielavia basicala 3.8 3.7 6.9
Myrothecium verrucia 4.0 5.8 8.0
Helminthosporium 4,4 5.4 11.8
Memnonilla echinata 4.5 7.3 10.4
Cephalothecium roseum 3.6 14.7 6.7
Chaetomium globosum 7.0 10.0 10.2
Curvularia 16.6 19.4 10.2
Stachybotrys atra 28.5 54.0 60.6
!./ Based on weight of material retained on a 0.2 mm screen after wetsieving for
5 minutes.
in all experiments: carbon source-ground wheat straw, 1 percent concentra-
tion; initial moisture level, 25 percent; incubation temperature, 24° C; incuba-
tion period, 2 weeks. Thirty-five grams of sterile Peorian loess were used in each
of triplicate Petri dishes and duplicate aggregate determinations were made from
each dish. The following variables were studied: Incubation time, incubation
temperature, moisture level, nature and concentration of carbon source, In all
experiments, calculations of aggregation percentages were based upon the dry
weight of material retained on a 0.2 mm. screen after 5 minutes of wet-sieving,
Incubation Time: Results of a comparison of incubation periods of 1,2,4
and 8 weeks are presented in table 6 (2). The data indicate the attainment in
TABLE 6-INFLUENCE OF INCUBATION TIME ON THE AGGREGATION OF
PEORIAN LOESS BY STACHYBOTRYS ATRA (2).
T.ime In Weeks
Organism 1 2 3 4 8
Percent Aggregation (Average)
None 3.9 5.7 10.5
S, atra 48.8 50.8 60.9 58.8 66.3
L.S.D. = 9.5 for comparison of means of time within S. ~!'1.
one week of a high degree of aggregation, The incubation periods
above one week and up to 8 weeks increased the degree of aggregation to some
extent, but the increase was small,
Incubation Temperature: Incubation temperatures of 20°, 24° and 28° C arc
all favorable for aggregation by S. atra. as shown in table 7 (2). Under the con-
ditions of the mcnt, essentially equivalent aggregations were attamed at
tbe three temperatures.
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TABLE 7-INFLUENCE OF INCUBATION TEMPERATURE OF AGGREGATION OF
PEORIAN LOESS BY STACHYBOTRYS ATRA (2).
Temperature (Degrees Centigrade)
Organism 20 24 28
Per cent Aggregation (Average)
None
S. atra
3.1
62.3
2.5
60.2
4.6
59.0
L.S.D. (0.05) =N.S. for Comparison of means of temperature within S. atra.
Moisture Levels: Results of an experiment dealing with the effect of initial
moisture level on aggregation are presented in table 8 (2). It is apparent that
moisture levels of 10 percent arid 15 percent are suboptimal for aggregation by
S. atra, and that increasing the initial moisture content from the 20 percent
level to 30 percent is without effect on the aggregating ability of this organism.
TABLE 8-INFLUENCE OF INITIAL MOISTURE LEVEL ON AGGREGATION OF
PEORIAN LOESS BY STACHYBOTRYS ATRA (2).
Percent Moisture
Organism 10 15 20 25 30
None
S. atra
3.8
24.6
Per cent Aggregation (Average)
7.5 2.9 3.3
36.8 52.8 50.0
3.1
52.1
L.S.D. (0.05) = 11.6 for comparing moisture levels within S. atra.
Nature and Concentration of Carbon Source: In an experiment comparing
carbon sources, ground wheat straw, ground alfalfa, and a 1:1 mixture of the
two were used at levels of 0.25, 0.5, 1.0, 1.5 and 2.0 percent (2). The results
presented in table 9 demonstrate that, within this concentration range, there
tends to be increased aggregation in response to increased concentration of
energy material. It is also apparent that, on a weight basis, alfalfa is superior to
straw for the promotion of aggregation by S. atra.
TABLE 9-INFLUENCE OF CARBON SOURCE ON THE AGGREGATION OF
PEORIAN LOESS BY STACHYBOTRYS ATRA (2).
Carbon Source
Straw
Alfalfa
0.00
3.3
Per cent Energy Material
0.25 0.50 1.0 1.5
Per cent Aggregation (Average)
32.8 41. 7 46.7 56.8
46.8 55.9 58.2 70.9
2.0
58.9
65.7
L.S.D. (0.05) = 8.4 for comparing concentration of energy material within a treat-
ment or treatments within a concentration.
*Equal weights of both straw and alfalfa added to each Petri dish.
Establishing Superior Soil Structure Stabilizing Micro-organisms Fol-
lowing Soil Sterilization Treatments. As has been shown the previous
results, certain micro-organisms such as S. atra are highly etTeccive in aggregat-
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ing the soil. However, when S. atra is added to an unsterilized soil, no increase
in aggregation is obtained (table 10) (13). It therefore becomes necessary to
reduce the existing soil microbial populations before introducing an organism.
such as S, atra, Soil can be effectively sterilized by autoc1aving, but this pr~;l
cedure would be impractical on a field scale, However, the use of chemicalstgi
eliminate the soil populations might be feasible.
TABLE la-INFLUENCE OF AUTOCLAVING ON THE MICROBIAL POPULATION
OF PEORIAN LOESS AND ON THE AGGREGATION EFFECTED BY
SUBSEQUENTLY INTRODUCED S. atra.
Treatment
Percent Kill Percent Aggregation!
Bacteria Ino~~~m S. af¥!1
Autoc1aved
0.0
100.0 2.6 48.7
In order to determine the influence of chemicals for eliminating or reduci~gi
soil microbial populations prior to introduction of superior soil structure stabili%!~
ing micro-organisms such as S. atra J chloropicrin, pentachlorophenol, urea·for~
maldehyde, and biuret-urea-formaldehyde were added to Peorian loess (13).
lowing fumigation, the Peorian loess was inoculated with S. atra, soil flora,or
no culture, Data on reduction in the microbial population and on aggregation
are given in figure 4. The figure also includes information on autoclaved Peorialfi
loess.
From the results with autoc1aving, which reduced the microbial populati$ff!
essentially to zero, it can be seen that subsequentintroduction of S. atra ina,
culum, soil flora, and blank inoculum, resulted in aggregations of approximately
50, 15 and 3 percent respectively. In the nontreated controls, aggregations of!
around 5 to 10 percent were achieved regardless of the inoculum used.
results again demonstrate the low degree of aggregation in sterile Peorian
and emphasize the inability of S. atra inoculation to bring about any marked
crease in aggregration unless the bacterial and fungal populations are reduced.
Apparently this reduction in native microflora must be quite drastic before
inoculation with S. atra can produce substantial aggregation. Thus, low
of chloropicrin produced marked reductions in rnicroflora, but the degree of
gregation brought about by subsequently introduced S. atra was stilllllc:re,1~s1f1g1
somewhat at the highest level of fumigant which was used. At this level
of aggregation produced by inoculation with S. atra was approximatc!y
two-thirds of that which was attained following autoclaving.
Pentachlorophenol was quite effective in reducing microbial numbers but,
apparently through residual toxicity to the inocula, this fumigant produced an
unfavorable effect on aggregation. In other experiments, the soil was found to
be essentially.sterile after the incubation period. It is necessary, therefore, to
consider possible residual effects of the fumigation treatment, as well as the et-
fecrivencss ofthe treatment in reducing the soil microflora to a low level.
I, ChloropicrIn
50 (l.(l·;'(l"~"'''8 '-"',.~-•.~-~-~~~~~.- ••.• _. ·'--0
3
Volume of fumigonl (mi.)
7. Ureo-formoldehyde
50 I)'·:'@'~_·-"""'o· ~ •• -----o-----~_·- --~ .... ~ .... wO
«
40
3
Volume of fumigant (ml.)
100
80
60
g
40 ~
zo
100
80
60
a
40 ~
zo
4. Pentaohlorophenol
50 ~'~-~•.()..•• '~~~.::,.'.s:;:::-,-_.~~~'.'':'::>'''''''''''''~'''''._'.
40 ! //0'-
30 r\ It
20 I ',I ,
,) &/
.,~-.
3
Volume of fumigant (ml.}
100
80
60
20
100
80
60
g
40~
20
Aggregation: Q.---1i) Blank inoculum; 0---0 Soil flora; ----.. S•.atra
Kill: <t---() Bacteria; t>--C> Fungi
Fig. 4-Thll effect of different amounts of fumigant upon numbers of microorganisms in Peerlen
loess and upon subsequent aggregation of the loess by 3 inocula. In each case the volumes shown
were added to 500 g of Peorian loess, and following a fumigation period of 7 days at a moisture
content of 20%, microbial numbers were determined and portions of the fumigated material were
supplemented. with wheat straw and were then inoculated with S. atra, soil flora, or a blank in-
oculum. Aggregation was measured after an incubation period of 2 weeks. Data on aggregation
and reduction in the microbial population In autoclaved Peorlan loess are presented at the right
of each graph (13).
The urea-formaldehyde and biuret-urea-formaldehyde treatments resulted in
good kills of bacteria and fungi. Similar aggregation patterns were produced fol-
.lowing inoculation of the fumigated soil material; that is, aggregation was rela-
tively high at the 0.25 ml. or 0.5 ml. rate, and lower at the other rates; and ag-
gregation seemed not to depend on the nature of the inoculum used. From these
ubservations it was initially supposed that the aggregations noted resulted di-
I'cctly from action of these two fumigants on the soil material ( Subsequent
experiments, however, have demonstrated the presence of organisms resembling
Fusarium in those treatments where good aggregation was obtained. Evidently
the two formaldehyde-containing fumigants are selective in their action, and the
organisms that are able to survive the indicated levels of fumigant happen to be
capable of effective aggregation. This observation suggests the possibility of ob-
t:lining improved aggregation without artificial inoculation of the soil.
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DISCUSSION
It is evident that soil micro-organisms affect the stability of soil structure
the action of water. Also, the movement of water through the soil is mt1uc:ne<tci
by the action of soil micro-organisms. Furthermore, micro-organisms vary
in their ability to utilize crop residues, such as wheat straw, in the rmorovement
of soil structure stability. In sterilized Peorian loess with wheat straw
energy source, the aggregation resulting from the introduction of ordinary
flora was about 15 percent. When an efficient aggregator, such as 5. atra,
used under the same conditions, aggregation was increased to about 50
or about 3 times as high as that obtained with soil flora. If a superior soil
gregator such as 5. atra was used to decompose the available crop rp""j·'H'O
the field, it appears that a much improved soil aggregation could be obtained,
In order to obtain good aggregation, it is first necessary to reduce the
ing soil flora to a low level. When this reduction is followed by mtroducnon
a superior soil aggregator, improved stability of the soil results.
At the present time, as an integral step in the production of some crop",
attempt is made to eliminate organisms such as nematodes, certain pathogeruc
fungi, and insects, by means of soil chemical treatment before planting the
It may be desirable to go a step further and destroy all soil nucro-oraamsrns
with a broad spectrum fumigant such as chloropicrin. Then the desirable
micro-organisms could be added to the soil to do a particular job. In ad,dltlbfl
to superior soil structure stabilizing micro-organisms, there are superior
producing micro-organisms. It is also possible that many other groups of
organisms, such as cellulose decomposers, nitrifying bacteria, or non-svmbioue
nitrogen-fixing micro-organisms, may include individuals superior for a
ular job. Management of micro-organisms by controlled introduction
rected activity through chemical, physical, and biological manipulation of
environment, conceivably could exert considerable influence on crop growth
in the case of superior soil structure stabilizing micro-organisms, could
improved soil and water conservation.
It is also possible to improve soil micro-organisms through selection
genetic manipulation. Only through control of the micro-organisms in the
such as that exercised for the crop above the ground, will maximum crop
be achieved. On the basis of the work done with superior soil structure
ing micro-organisms, as reported in this paper, it appears possible in the 1
oratory to exercise control over soil micro-organisms and their activities. 1
is reason to believe that, in the future, such control on a field scale will
highly important factor in our agriculture.
SUMMARY
Good stable soil structure is valuable for promoting the growth of
arid micro-organisms by per-mitring enhanced aeration and water pe:net:ratlq~~1
and by decreasing erosion under some conditions. .
Micro-organisms influence water percolation through the soil. They may
plug up soil pores with byproducts of growth and reduce water percolation. On
the other hand, if a soil containing a large amount of microbial products is
stirred and allowed to dry, then the percolation may be high.
Micro-organisms are involved in stabilizing soil structure by their products
of decomposition and their cellular binding material, such as mycelia. Micro-
organisms differ greatly in their ability to stabilize soil structure. Restricting the
microflora to superior soil structure stabilizing micro-organisms materially in-
creases soil structure stability. This restriction is accomplished under laboratory
conditions by first eliminating the indigenous soil flora and then introducing
the desired micro-organisms. Indigenous flora can be eliminated by autoclaving
or by the use of a soil fumigant such as chloropicrin. Some fumigants, such as
urea-formaldehyde and biuret-urea-formaldehyde at certain critical concentrations,
selectively eliminate soil micro-organisms, leaving only effective soil aggregators.
Physical and chemical factors, such as temperature, moisture, and amount and
nature of energy material, affect the growth and effectiveness of soil structure
stabilizing micro-organisms.
The use of superior micro-organisms for changing nutrient availability, ni-
trogen fixation, and soil structure stabilization may permit a. degree of control
over plant growth which heretofore has been impossible.
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